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We propose a method of measuring the fermion parity lifetime of Majorana fermion modes due
to quasiparticle poisoning. We model quasiparticle poisoning by coupling the Majorana modes to
electron reservoirs, explicitly breaking parity conservation in the system. This poisoning broadens
and shortens the resonance peak associated with Majorana modes. In a two lead geometry, the
poisoning decreases the correlation in current noise between the two leads from the maximal value
characteristic of crossed Andreev reflection. The latter measurement allows for calculation of the
poisoning rate even if temperature is much higher than the resonance width.
The promise of topologically robust quantum compu-
tation has been a major motivation in condensed matter
physics over the past decade. In such schemes quantum
information is not stored locally but is stored in a global
state of the system. In this way systems are protected
against decoherence by local perturbations. A simple and
potentially realizable platform for non-local quantum in-
formation storage is in systems with Majorana fermions,
which split a single fermionic mode into two spatially
separated Majorana bound states.
Majorana bound states are defined by the operator
algebra: γ†i = γi and {γi, γj} = 2δij [1]. They have
been theorized to exist in many different condensed mat-
ter systems, including 1D superconductors with p-wave
pairing[1], 2D px + ipy superconductors[2], topological
insulator/superconductor heterostructures[3], and semi-
conductor/superconductor heterostructures[4, 5]. There
has been some recent success in the lattermost proposal.
Recent experimental results in semiconductor nanowires
show a zero-bias conductance peak, a potential indica-
tor of Majorana modes[6–9] intensifying the interest in
the field. The recent experiments, however, have not yet
reached a low enough temperature to see the theoret-
ically predicted quantized peak[10, 11] and other non-
topological explanations of the peak have been suggested
[12].
Systems with Majorana qubits are only protected un-
der perturbations that preserve fermion parity; that is,
they only involve the transfer of Cooper pairs [13]. Per-
turbations that switch the fermion parity of the system,
involving unpaired electrons, dubbed quasiparticle poi-
soning, will change the state of a Majorana qubit. The
time scale of this poisoning rate is then a limiting fac-
tor for performing quantum computations. Recent the-
oretical calculations show that this poisoning rate may
be problematically large for performing adiabatic gate
operations[14].
In light of this challenge, it is essential to be able to
measure this poisoning rate. There have been several pro-
posals to measure the rate based on SQUIDs in topolog-
ical superconductor/superconductor heterosturctures[4,
15], a quantum dot coupled to a topological supercon-
ducting wire[16], or direct measurement of parity relax-
FIG. 1: Sketch of the experimental setup: Two tunneling
current leads are connected to the ends of a grounded super-
conducting wire which support Majorana bound states at its
ends. The Majoranas are split by energy 2EM . In addition
reservoirs are coupled to the Majorana bound states with ma-
trix elements δL and δR to simulate the effect of quasiparticle
tunneling.
ation times[17]. In this article we propose a relatively
simple experimental setup that doesn’t require an inter-
ference measurement, based on the two lead transport
experiments proposed by Nilsson et al.[18] and Liu et
al.[19]. Our proposed measurement gives a direct probe
of the breakdown of non-locality due to quasiparticle poi-
soning.
We consider the same experimental geometry as in [18]
and [19]: we have a grounded topological superconduct-
ing wire, with each Majorana bound state coupled to a
normal lead. We model quasiparticle poisoning by cou-
pling fermion reservoirs to each Majorana mode. We con-
sider the limit with kBT, eV  ∆, so that the Majorana
modes are the only modes accessible to electrons tunnel-
ing from the leads. Explicitly, our effective Hamiltonian
is
H = H0+iEMγLγR+
∑
α=L,R
(
tαγα(cα+c
†
α)+δαγα(fα+f
†
α)
)
(1)
Here
H0 =
∑
,α=L,R
(
c†α()cα() + f
†
α()fα()
)
gives the lead and bath Hamiltonian, EM gives the split-
ting of the coupled Majorana modes, tα gives the cou-
pling to the leads with electron creation operators c†α at
the interface, and δα gives the coupling to the quasipar-
ticle baths with creation operators f†α at the interface.
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2We take the wide band limit for all leads and baths, and
the results are independent of the details of the disper-
sions. γα = γ
†
α are the Majorana operators. Gener-
ally we can consider all couplings to be real by redefin-
ing the electron wave functions. We introduce the self-
energies due to tunneling, Γαt = 2piNα(0)t
2
α, and poison-
ing, Γαp = 2piNα(0)δ
2
α, where Nα(0) is the position and
energy independent density of states of the relevant reser-
voir. Throughout the paper we consider the case where
the coupling between the MBSs is sufficiently strong that
EM is much stronger Γ.
The scattering matrix can be written using a general-
ization of the relation given by Fisher and Lee:
Sαβ,ij,ab(E) = 1 + i
√
ΓαaΓ
β
b (HM − E −WgrW †)−1αβ
where α, β ∈ {L,R}, a, b ∈ {t, p} denote a lead or quasi-
particle reservoir respectively, and i, j ∈ {e, h} denote
electron and hole channels.
W =
(
tL 0 δL 0 tL 0 δL 0
0 tR 0 δR 0 tR 0 δR
)
gives the coupling of the Majoranas, {γL, γR},
to the leads and to the reservoirs in the basis
{cL, cR, fL, fR, c†L, c†R, f†L, f†R}, gr is the surface Green’s
function for the leads and baths given by an 8x8 diago-
nal matrix with entries −ipiN(0) for the relevant density
of states, and
HM =
(
0 iEM
−iEM 0
)
gives the coupling between the pair of Majorana bound
states.
Since the only dependence on the electron vs. hole
channel in the scattering matrix is in the identity matrix
term, the scattering matrix can be written in the form
S =
(
1 +A A
A 1 +A
)
We can then, following [18], write the current and
current-current correlators in the form:
I¯i =
2e
h
∫ eV
0
(AA†)iidE (2)
Cij =
∫ +∞
−∞
〈δIi(0)δIj(t)〉
= eI¯iδij +
2e2
h
∫ eV
0
[|Aij + (AA†)ij |2 − |(AA†)ij |2]dE
(3)
where δIi(t) = Ii(t) − I¯i. We also define Gi = dIidV , the
differential conductance, and Pij =
dCij
d(eV ) , the differential
contribution to the noise by electrons with energy eV .
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FIG. 2: The zero temperature cross-correlation differential
Fano factor, FLR for Γ
L
t = Γ
R
t = Γ, and EM = 100Γ without
poisoning (dashed), and with poisoning rate ΓLp = Γ
R
p = Γ
(solid).
We first consider the one lead case by setting tR to
zero. With no poisoning, the differential conductance has
a quantized 2e2/h resonance peak characteristic of Majo-
rana induced resonant Andreev reflection.[10, 11] Using
the above relations we can expand the differential con-
ductance near the maximum, |E−EM |  EM , obtaining
GL ≈ 2e
2
h
ΓLt (Γ
L
t + Γ
L
p + Γ
R
p )
4(E − EM )2 + (ΓLt + ΓLp + ΓRp )2
(4)
From this we can conclude that with poisoning the con-
ductance peak is shortened from 2e2/h by a factor of
ΓLt /(Γ
L
t + Γ
L
p + Γ
R
p ). Its width is broadened from Γ
L
t to
ΓLt + Γ
L
p + Γ
L
t ; the coupled Majorana modes can decay
not only into the coupled lead, but also into the quasi-
particle reservoirs. This result is given in Ref. 19 and
implicitly contained in Ref. 10. In view of the large con-
ductance background in the current experimental data in
Refs. 6–9, the poisoning time may be playing a strong
role in limiting the height of the zero bias peak.
The resonance peak measurement allow for the mea-
surement of the poisoning rate τp = 1/(Γ
L
p + Γ
R
p ). By
measuring the height of the differential conductance peak
we can measure the ratio (ΓLp + Γ
R
p )/Γt. The width of
the peak is given by Γt + Γ
L
p + Γ
R
p . Given these two
pieces of information we can calculate the poisoning rate.
These results however are only valid in the zero tempera-
ture limit. At temperatures comparable to the tunneling
scales, Γαt , thermal broadening becomes important and
the height of the peak is reduced. In order to find a way
of measuring the poisoning time that is robust for tem-
peratures kBT > Γt we can look at properties away from
the resonance: the conductance and noise in the two ter-
minal geometry in the regime kBT  eV  EM , and
kBT > Γt.
To simplify notations we begin by discussing the case
when the tunneling rates to each side are equal, i.e.
ΓLt = Γ
R
t = Γt and Γ
L
p = Γ
R
p = Γp, and return to
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FIG. 3: The zero temperature differential Fano factors for
the left lead, FLL, Γ
L
t = Γ
R
t = Γ, and EM = 100Γ without
poisoning (dashed), and with poisoning rate ΓLp = Γ
R
p = Γ
(solid).
the general case later. We consider correlation in the
current noise spectrum first in the zero temperature
limit. This provides a more specific signature of the
presence of Majoranas. With no quasiparticle poison-
ing and in the low voltage regime, the current is domi-
nated by crossed Andreev reflection, where an incoming
electron in the left lead is transmitted as an outgoing
hole in the right lead.[18]. This can be seen by looking
at the differential Fano factors, the ratio of the differen-
tial noise correlator to the differential conductance[11].
For low temperatures, kBT  eV , the noise is domi-
nated by shot noise and the Fano factor can be inter-
preted as the charge transferred in each tunneling event.
The Fano factor for tunneling from an individual lead,
Fαα = Pαα/Gα, is 1 while the Fano factor for the total
current, Ftot =
∑
ij Pij/
∑
iGi, is 2 showing that in each
tunneling event 2e charge enters the wire with e coming
from each side. Additionally the cross-correlation Fano
factor, FLR = 2PLR/(GL + GR), is 1 saturating the in-
equality 2|PLR| ≤ PLL+PRR for stochastic processes[18].
Turning on poisoning quickly kills this correlation. Us-
ing equations 2 and 3 we can explicitly calculate the Fano
factors in Mathematica. A plot of the Fano factors com-
paring the cases with and without poisoning is shown in
Figs. 2 and 3. In the low voltage regime, we can expand
the result in Γ2/E2M and E
2/E2M and keep only the ze-
roth order term. The Fano factor for noise correlations
falls as
FLR =
2PLR
GL +GR
(eV = 0) ≈ Γt
Γt + Γp
(5)
This result is easily interpreted. Electrons are still added
to the wire in pairs, but with poisoning the chance that
the other electron came from the other lead rather than
from a quasiparticle is ΓtΓt+Γp . In contrast the Fano fac-
tor, FLL for the current from an individual lead remains
e, as it is still a single electron that tunnels through the
barrier from the lead. The presence of poisoning sim-
ply opens up a new channel for where the other elec-
tron comes from; it could be from the other lead or from
a quasiparticle reservoir. From Fig. 3 we see that for
eV > EM , FLL is reduced from 2 to 1.5 by quasi parti-
cle poisoning. However this feature does not depend on
the presence of Majorana bound states and will happen
as long as a quasiparticle decay channel is available in
addition to Andreev reflection. Therefore we conclude
that the single lead noise measurements of FLL and FRR
are not sufficient to provide information on the poison-
ing times of Majorana bound states and we will focus on
FLR below.
Away from perfect tuning of the tunneling amplitudes
of the two leads, Γt in Eq.5 is replaced by
Γtott = (τavg)
−1 = (
1
2
(τL + τR))
−1 =
2ΓLt Γ
R
t
ΓLt + Γ
R
t
(6)
With unequal poisoning on each side Γp is replaced by
Γavgp =
ΓRt
ΓLt + Γ
R
t
ΓLp +
ΓLt
ΓLt + Γ
R
t
ΓRp (7)
The measurements for the Fano factors give the ra-
tios of the poisoning time scales to the tunneling time
scales. In order to calculate the value of the poisoning
time we need another measurement that survives in the
finite temperature case. This is given by the differen-
tial current at low bias. A generalization of the result
given in Ref. 19, shows that at zero bias the differential
conductance is given by
GL ≈ 2e
2
h
ΓLt (Γ
R
t + Γ
R
p )
E2M
(8)
and similarly for GR. In addition to crossed Andreev
reflection, electrons can enter in pairs one coming from
the lead the other from the quasiparticle reservoir. By
combining several measurements we can determine the
poisoning rate (see Appendix B for details).
These measurements remain valid for temperatures
kBT > Γ as they are measured away from the resonance.
Away from resonance the differential noise and conduc-
tance change on an energy scale set by EM . As long as
kBT  EM , the thermal sampling of different points on
the differential noise and conductance curves has little
effect. To calculate the Fano factors and differential con-
ductance at finite temperature we use the results given
in Ref. 20, given also in the appendix. In Fig. 4, we
show the temperature dependence of the Fano Factor at
low voltage. We note that as long as there is a range of
voltages where kBT  eV  ∆, Eqns. 5 and 8 still hold.
Throughout the paper we have been using the differ-
ential Fano factors, as they more clearly demonstrate
the physical behavior of electrons at a given energy[19],
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FIG. 4: The correlation differential Fano factor at fixed low
bias eV = 10Γt < EM = 100Γt as a function of poisoning.
We show curves at temperatures T = 0, 4, 8, 12Γ. Note that
the curves for T = 0 and T = 4Γt are nearly overlapping.
Only when kBT ∼ eV is the temperature effect strong.
but we could instead use the more easily measurable
Fano factor for the integrated noise and current. In the
low voltage regime, the correction terms due to finite
bias in both the differential conductance and noise go as
(eV )2/E2M . Ignoring these terms the current and noise
are linear and the results given here hold for the Fano
factors F˜αα = Cαα/(eIα) and F˜LR = 2CLR/e(IL + IR).
In particular F˜LR is the same as shown in Fig. 4 and will
be an equally effective measure.
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Appendix A: Finite Temperature Calculations
To calculate the differential conductivity and noise cor-
relations above zero temperature we used the relations
given in Ref. [20] given in our notation by
Iα =
e
h
∑
α,i,j
sgn(α)
∫
dE[δαβδij − |Sα,β,ij |2]fα,j(E)
Cαβ =
2e2
h
∑
γ,δ,i,j,k,l
sgn(i)sgn(j)∫
dEAγk;δl(αi,E)Aδl;γk(βj,E)fγ,k(E)[1− fδ,l(E)]
where α, β, γ, δ label the lead or reservoir and i, j, k, l ∈
{e, h} label hole and electron channels. The functions f ,
sgn, and A are given by
fα,j(E) =
[
1 + exp
(
E − µαsgn(j)
kBT
)]−1
sgn(e) = 1 and sgn(h) = −1
Aγk;δl(αi,E) = δαγδαγδikδil − S∗α,γ,ikSα,δ,il
µα gives the chemical potential of the lead or reservoir
compared to that of the superconductor. The only de-
pendence on the voltage is given in the Fermi functions
f so the differential factors are given by
Gα =
e2
h
∑
α,i,j
sgn(α)
∫
dE[δαβδij − |Sα,β,ij |2]dfα,j
dV
(E)
and
Pαβ =
2e2
h
∑
γ,δ,i,j,k,l
sgn(i)sgn(j)
×
∫
dEAγk;δl(αi,E)Aδl;γk(βj,E)
×
(
dfα,k
dV
(E)[1− fδ,l(E)] + fα,k(E)[1− dfδ,l
dV
(E)]
)
5The temperature samples the differential conductance
from an area of width kT . Away from resonance, where
the differential conductance and noise change on the or-
der of Γ, this sampling has little effect as the differential
conductance and noise vary slowly in energy.
Appendix B: Calculation of the Poisoning Rate
The measurements given above do not give enough in-
formation to determine the poisoning rate, but if sup-
plemented by the ratio of the height of the resonance of
each lead, do allow its determination. Expanding the
differential cross-correlation at low bias we get
PLR =
2e2
h
ΓLt Γ
R
t
E2M
(9)
to lowest order in Γ2/E2M and E
2/E2M . The value of the
Majorana splitting, EM , is easily determined by the lo-
cation of the resonance peak. From this we can calculate
the product
ΓLt Γ
R
t =
E2Mh
2e2
PLR (10)
From equation 8 above we can write the product
ΓLt Γ
R
p =
E2Mh
2e2
GL(eV = 0)− ΓLt ΓRt
=
E2Mh
2e2
(
GL(eV = 0)− PLR(eV = 0)
) (11)
and similarly for ΓRt Γ
L
p .
To measure the poisoning rate, ΓLp + Γ
R
p , we also need
to know the ratio between tunneling on the two sides,
r = ΓRt /Γ
L
t . r can be measured by comparing the height
of the differential conductance peak of each lead. The
height of the resonance for Gα at zero temperature is
given by
2e2
h
Γαt
ΓLt + Γ
R
t + Γ
L
p + Γ
R
p
so taking the ratio of the conductance for each lead gives
r =
GR(eV = EM )
GL(eV = EM )
(12)
Even at temperatures kBT > Γα the result holds because
the thermal sampling of the differential conductance is
dominated by the region near resonance where the result
holds.
Now in terms of these measurements we can write the
sum of the poisoning rate as:
ΓLp + Γ
R
p =
1√
ΓLt Γ
R
t
(
ΓLpΓ
R
t
√
1
r
+ ΓRp Γ
L
t
√
r
)
=
√
h
2e2
1√
PLR
(
(GR − PLR)
√
1
r
+ (GL − PLR)
√
r
)
EM
(13)
Multiplying Eq. 13 by ΓLt and combining with Eq. 11
allows us to determine ΓLt Γ
L
p . Combining with Eq. 11
gives us the ratio ΓRp /Γ
L
p . Together with Eq. 13, Γ
R
p and
ΓLp are determined separately.
